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A patient underwent an electrophysiological study (EPS) and catheter ablation (CA) for
ventricular tachycardia (VT) that developed 11 years after myocardial infarction.
Entrainment mapping (EM) of the left ventricle did not identify the origin of the VT during
induction. Electro-anatomical mapping revealed a low voltage area from the anterior to the
inferior left ventricular wall. Another EPS was performed for right ventricular mapping.
A basket catheter was placed in the right ventricle to evaluate impulse propagation and we
attempted to identify the VT circuit with EM during the same VT (complete left bundle
branch block conﬁguration, inferior axis) as the previous EPS.
Eight diﬀerent VT appeared, three of which were sustained during CA. The reentry circuit
exit was identiﬁed on the tricuspid annulus (TA) at the 9:00 site and radiofrequency (RF)
ablation was performed, but the axis transformed from the inferior to the superior and another
VT appeared. Despite RF ablation to the VT circuit exit at the 5:00 site, another sustained VT
appeared. Finally, it was terminated by ablation to a critical slow conduction zone (SCZ)
located near the 7:00 site one year later. Electro-anatomical voltage mapping detected a
critical isthmus between TA and right ventricle infarct scar.
Here, we describe a rare SCZ proximal to the TA in a patient with VT late after myocardial
infarction.
(J Arrhythmia 2007; 23: 157–163)
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Introduction
Ventricular tachycardia (VT) that develops late
after myocardial infarction is generally caused by a
reentry circuit around scar tissue and mostly origi-
nates in the left ventricle (LV). Identifying a critical
slow conduction zone by entrainment mapping is
important for terminating VT when hemodynamics
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are stable. However, frequent radiofrequency cath-
eter ablations (CA) are usually required because of
complicated circuits.1,2)
Furthermore, the appearance of various VT forms
often causes diﬃculties with identifying and termi-
nating the circuit.
The patient underwent an electrophysiological
study (EPS) and CA of VT late after myocardial
infarction. Eight diﬀerent VTs were induced using
the right ventricle extra stimulus method. The
conﬁguration of all VTs was that of a complete left
bundle blanch block (CLBBB), and we considered
that they originated from the right ventricle.
We investigated mainly 3 of the sustained VTs to
identify a reentry circuit in the right ventricle using
entrainment mapping and a basket catheter placed
near the tricuspid annulus. Only a few authors have
described belated VT circuits that developed after
myocardial infarction in the right ventricle.3–5)
Here, a detailed examination identiﬁed the critical
slow conduction zone, and ablation completely
terminated VT that originated near the tricuspid
annulus.
Case Report
A 63-year-old man presented with palpitation. He
had survived a myocardial infarction at the age of 52
(1993) (#1, complete occlusion; #6, 75%; and #11,
99% stenosis. The latter was treated by conventional
balloon angioplasty in 1993 and percutaneous
coronary intervention (PCI) in 2002).
In June 2002, VT appeared that mexiletine
administration could not completely control. He
developed VT with CLBBB conﬁguration and a
heart rate of 220 bpm again in April 2004, and DC
shock was performed at 100 J. Although CA was
performed based upon an electro-anatomical map-
ping (CARTO) evaluation of LV, it was ineﬀective.
The patient was initially administered with 400mg/
day of amiodarone, followed by 200mg/day and
remained under close observation.
However, VT appeared again in July 2004 and he
was admitted to our hospital for EPS and CA.
Upon admission, his blood pressure was 114/59
mmHg, he was 162 cm tall and weighed 62Kg.
Hematological analysis showed T-CHO, 177mg/dl;
TG, 198mg/dl; LDL, 112mg/dl; HDL, 40mg/dl and
BNP, 681.8 pg/ml. A chest X-ray revealed cardiac
enlargement (CTR: 62%) and slight lung congestion.
Resting ECG upon admission revealed ventricular
conduction delay according to the following ﬁnd-
ings: sinus rhythm of 59 bpm; rSr type in V1 lead;
transition zone in V4; abnormal Q waves in II, III
and aVF leads; and expanded QRS duration of
180msec (Figure 1). Echocardiography revealed
reduced LV ejection fraction (EF) (28%), diﬀuse
hypokinesis of the LV wall motion especially from
the inferior wall to the tricuspid valve, LV and left
atrial dilation.
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Figure 1 Twelve-lead rest ECG during
sinus rhythm.
ECG ﬁndings of ventricular conduction delay
revealed sinus rhythm, 59 beats/min; rSr type in
V1 lead; transition zone in V4; abnormal Q
waves in II, III and aVF leads and QRS duration
of 180msec.
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EPS and radiofrequency catheter ablation (CA)
On the 27th of April 2004, the patient and his
family provided written informed consent to under-
take all procedures associated with this study; EPS,
coronary angiography and left ventriculography
proceeded while the patient was on 200mg/day of
amiodarone.
Apical right ventricle programmed extrastimula-
tion was performed to induce VT using 5-Fr 6 polar
electrode catheters (Daig Co., Minnetonka. MN.
USA) inserted through the right femoral vein.
Electrode catheters were also inserted into the right
ventricular outﬂow and high right atrium, and into
the bundle of His.
An EP Lab (Quinton Instrument Co., Bothell,
WA, USA) recorded 12-lead surface ECG and
intracardiac electrograms at 100 to 200mm/sec.
The extra stimulation from the right ventricular
outﬂow tract induced sustained VT, but entrainment
mapping was not obtained in the LV. In addition, the
VT origin in the LV was not identiﬁed because the
ventricular cycle length (VTCL) and the post-pacing
interval (PPI) did not match during extra stimulation.
Since VT recurred on July 2004, EPS and CA
were repeated. During the second EPS session, we
suspected that the VT originated in the right
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Figure 2 Eight VT forms during
2nd EPS session.
We applied RF ablation to sustained
VT3, VT7 and VT8.
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ventricle, and placed a 64-pole basket catheter (EPT
Co., 60mm, 55 sheath) into the right ventricle
immediately under the tricuspid valve in addition to
the catheters applied in the ﬁrst EPS session. We
then evaluated the pathway of VT conduction and
performed entrainment mapping.
Under ﬂuoroscopic guidance, an ablation catheter
with 8-mm tip (Ablaze; Japan Lifeline Co., Ltd.) was
introduced into the right ventricle via the right
femoral vein.
We then identiﬁed the VT reentry circuit by
entrainment mapping and ablated that region.
We observed 8 VT forms with a CLBBB conﬁg-
uration and a superior or inferior axis after sponta-
neous premature ventricular contraction or during
right ventricle extra stimulation (Figure 2). The
spontaneous VT had a CLBBB conﬁguration with
an inferior axis. The waveform in the precordial
leads remained essentially the same, but the positive
component of the II, III and aVf leads gradually
changed to low voltage, shifted to VT3 (VT3CL,
658msec) and persisted.
Figure 3A shows the sustained VT3 activation
mapping obtained from the 64-pole basket catheter.
When a marker was set to QRS onset, B-spline 3–4,
which indicated a fractionated electrogram, proceed-
ed at 100msec, and C-spline 1–2 matched the QRS
onset. Accordingly, we considered that the C-spline
1–2 electrogram was located around the VT circuit
exit, and that the VT3 critical slow conduction zone
was located around B-spline 3–4 forward from the
exit.
The impulse was propagated from the lateral wall
to the septal side and came oﬀ at the C-spline 1–2
exit. Entrainment mapping around the C-spline
revealed the entrainment of matched PPI and VTCL.
Accordingly, the VT circuit exit was determined at
the 9:00 site on the tricuspid annulus (Figure 3B).
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Figure 3
(A) VT3 intracardiac electrograms measured using 64-pole basket catheter. Onset of QRS (#) matched C-spline 1–2 (), and site were
considered the reentry circuit exit. II, VI and V5, body surface ECG. A–G, paired electrodes of 64-pole basket catheters. HBE, His bundle
electrogram.
(B) Entrainment mapping with RF ablation from C-spline 1–2. Concealed entrainment revealed that post-pacing interval (PPI) matched
ventricular cycle length (658msec) and was identiﬁed as a circuit exit. S, stimulation; ABL1–2, ABL2–3, paired electrodes of ablation
catheters.
(C) Left anterior oblique (LAO) projection at 45 angle. Basket catheter (64-pole) placed outside RV immediately under tricuspid valve.
EM revealed VT3 circuit exit at 9:00 site on TA. VT3 was terminated by catheter ablation from 9:00 to outside of apical site.
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Figure 3C shows the left anterior oblique (LAO) view
at the VT3 exit obtained by angiography. The VT
axis was transferred from the inferior to the superior,
and the VT form changed over time after radio-
frequency ablation of the VT3 exit. Only CLBBB
VT7 with a superior axis (VT7CL, 660msec)
persisted. The VT7 intracardiac electrograms meas-
ured with the basket catheter revealed that H-spline
3–4 matched the QRS onset, indicating that the VT7
circuit exit was located at the 5:00 site on the
tricuspid annulus. We therefore performed entrain-
ment mapping (Figure 4A). The VT7 reentry circuit
was stretched from the tricuspid valve to the apex
(ABL #56) and a slow conduction zone was located
near the tricuspid valve (Figure 4B; VT7; ABL #44).
Although radiofrequency catheter ablation terminat-
ed the VT7, another VT form, VT8 (VT8CL,
663msec), appeared and persisted. The electrical
potential of VT8 measured using a basket catheter
located the QRS onset on A-spline 7–8, and entrain-
ment mapping revealed the exit at the 6:00 site on
the tricuspid annulus (ABL #40) (Figure 4B). A
critical slow conduction zone was located near the
7:00 site on the tricuspid annulus (ABL #58) and
VT8 was terminated 7 sec after radiofrequency
catheter ablation. The relationship between the
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Figure 4 VT7 and VT8 reentry
circuit exits and slow conduction
zones.
(A) EM performed near 5:00 site on TA
revealed VT7 reentry circuit exit (ABL
#56) and slow conduction zone (cen-
tral: ABL #44).
(B) VT8 reentry circuit exit and slow
conduction zone. EM revealed VT8
reentry circuit exit at 6:00 site on TA
(ABL #40) and slow conduction zone at
7:00 site (central: ABL #58). VT8 was
terminated 7 seconds after RF ablation
to slow conduction zone.
(C) Basket catheter (64-pole) and sche-
mas of tachycardia circuit and ablation
site (LAO at 45). Reentry circuit exit
(E) of VT3, VT7 and VT8 located at
9:00 to 5:00 site on TA.
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ablation site and each VT circuit in the basket
catheter were shown in Figure 4C.
Neither right ventricular extra stimulation nor
burst pacing induced VT thereafter.
On September 2005, EPS did not induce VT and
we drew a voltage map in the right ventricle using
CARTO. The voltage amplitude of the complete
scar, colored gray was 50.1mV, the dense scar in
red was =0.1mV and 51.5mV, and that of the
normal area in purple was =1.5mV.6,7)
Figure 5 shows the distribution of island-shaped
scar tissue from the upper to the middle part of the
right ventricle wall. We assumed that an isthmus was
located between the scar tissue and the tricuspid
valve at the 6:00 to 9:00 site, so we delivered
radiofrequency energy to a location close to where
the EPS session had been conducted one year
previously. None of the VTs were induced after
CA. We therefore presumed that the VT reentry
circuit encircled the isthmus and scar tissue.
Discussion
Most chronic ventricular tachycardia that arises
after myocardial infarction originate in the LV, and
some reports have described that reentry around scar
tissue causes VT.1,2)
From the ﬁrst EPS session we speculated that the
VT originated from the LV, and we performed LV
endomyocardial and voltage mapping. However,
catheter ablation could not identify the VT reentry
circuit. We considered at the second EPS session that
the VT originated in the right ventricle and we tried
to identify a tachycardia circuit in right ventricle
maps using a multielectrode basket catheter and
entrainment mapping.
During EPS, eight diﬀerent VT forms with a
CLBBB conﬁguration developed, of which three that
persisted (VT3, VT7 and VT8) were ablated. The
diastolic potential of each of these VTs was marked
on basket spline electrodes.
During EPS, eight diﬀerent VT with the CLBBB
conﬁguration appeared. We tried to ablate the three
among them that were sustained (VT3, VT7 and
VT8). The diastolic potential of each preceding QRS
of these VTs was marked on basket spline electrodes.
A diastolic potential often arises in a conduction
zone of reentrant VT.
Fractionated electrograms with low amplitude and
long duration are obtained from sites where normal
cardiac muscles are scattered in ﬁbrous or fatty
tissue, and they indicate delayed conduction due to
VT8 ablation line;
7:00 site on TA
RAO45°
Figure 5 Electroanatomical voltage map.
Red indicates areas of lowest voltage and orange, yellow, green, blue, navy blue and purple indicate progressively
increased voltage. Normal voltage area (>1.5mV) is shown in purple.
Island-shaped scar tissue (gray, voltage < 0.1mV) extends from upper to middle part of right ventricular wall.
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poor bonding among tissues.8) We performed en-
trainment mapping with CA based on the diastolic
potential index to identify the reentry circuit exit and
slow-conduction zone.
Impulse conduction varied with radiofrequency
application to the exit of the VT3 reentry circuit and
VT3 changed into VT7. Radiofrequency ablation of
the central pathway and exit of the reentry circuit of
VT7 changed this into VT8, which in turn was
stopped by radiofrequency ablation at the central
pathway and exit of the VT8 reentry circuit. There-
after, VTs could not be induced.
We supposed that a critical slow conduction zone
and the reentry circuit exit of VT3, VT7 and VT8
were located near the tricuspid valve based on the
entrainment mapping ﬁndings (Figure 4C).
Reports describing VT ablation late after myocar-
dial infarction that indicate right ventricle origin are
rare, and ablation with a basket catheter and entrain-
ment mapping has not been achieved until now.
Furthermore, a reentry circuit exit located near the
tricuspid annulus has not been considered.
A follow-up EPS study 6 months later conﬁrmed
that VT could not be induced and an infarct in the
right ventricle was evaluated by simultaneous volt-
age mapping using CARTO. We identiﬁed a broad
low voltage area near the tricuspid annulus and
considered that the isthmus was located between
the tricuspid annulus and a low voltage area. We
postulated that this isthmus contributed to the right
ventricle VT reentry circuit (Figure 5).
The isthmus appears between the mitral valve and
post-infarction scars during posterior myocardial
infarction.9,10) The mitral annulus is thought to
become the anatomical obstacle, and impulses seem
to easily traverse the narrow pathway between the
mitral annulus and post-infarction area in normal
tissue. However, whether an isthmus locates between
the tricuspid annulus and a post-infarction scar is
controversial and, as far as we know, has not been
reported.
We considered using ICD because cardiac func-
tion was low (EF 20 to 28%), but selected CA for
the following reasons. Although slow VT was easily
induced by three extra stimulations during EPS,
neither rapid VT nor VT were transmitted into
ventricular ﬁbrillation (Vf). The patient never de-
veloped syncope and refused implantation of a
cardiac deﬁbrillator.
The patient is presently stable without syncope,
VT, or Vf with deleterious hemodynamics since CA
and remains under close observation as an outpatient
under amiodarone administration.
References
1) Stevenson WG, Soejima K: Catheter ablation of ven-
tricular tachycardia related to structural heart disease.
Catheter Ablation of Arrhythmias, 2nd edition, Futura
Publishing Co. Inc. Armonk, NY, 2002, p 375–395
2) Stevenson WG, Friedman PL, Kocovic D, Sager PT,
Saxon LA, Pavri B: Radiofrequency catheter ablation of
ventricular tachycardia after myocardial infarction. Cir-
culation 1998; 98: 308–314
3) Shimizu W, Ohe T, Shimomura K: Ventricular tachy-
cardia originating from the right ventricular free wall in a
patient with an old myocardial infarction. Chest 1991;
100: 276–277
4) Merino JL, Almendral J, Villacastin JP, Arenal A,
Tercedor L, Peinado R, Ormaetxe JM, Delcan JL:
Radiofrequency catheter ablation of ventricular tachy-
cardia from right ventricle late after myocardial infarc-
tion. Am J Cardiol 1996; 77(14): 1261–1263
5) Menz V, Duthinh V, Callans DJ, Schwartzman D,
Gottlieb CD, Marchlinski FE: Right ventricular radio-
frequency ablation of ventricular tachycardia after
myocardial infarction. Pacing Clin Electrophysiol 1997;
20(6): 1727–1731
6) Soejima K, Stevenson WG, Maisel WH, Sapp JL,
Epstein LM: Electrically unexcitable scar mapping based
on pacing threshold for identiﬁcation of the reentry
circuit isthmus—feasibility for guiding ventricular tachy-
cardia ablation—. Circulation 2002; 106: 1678–1683
7) Arenal A, Glez-Torrecilla E, Ortiz M, et al: Ablation of
electrograms with an isolated, delayed component as
treatment of unmappable monomorphic ventricular
tachycardias in patients with structural heart disease.
J Am Coll Cardiol 2003; 41: 81–92
8) JM de Bakker, FJ van Capelle, MJ Janse, S Tasseron,
JT Vermeulen, N de Jonge, JR Lahpor: Fractionated
electrograms in dilated cardiomyopathy. Origin and
relation to abnormal conduction. J Am Coll Cardiol
1996; 27: 1071–1078
9) Hargrove WC 3rd, Miller JM, Vassallo JA, Josephson
ME: Improved results in the operative management of
ventricular tachycardia related to inferior wall infarction.
Importance of the annular isthmus. J Thorac Cardiovasc
Surg 1986; 92: 726–732
10) David JW, Douglas EK, Dennis NG, Charles AK, John
GK: Catheter ablation of the mitral isthmus for ven-
tricular tachycardia associated with inferior infarction.
Circulation 1995; 92: 3481–3489
11) Mirowski M, Reid PR, Winkle RA, Mower MM,
Watkins L Jr, Stinson EB, Griﬃth LS, Kallman CH,
Weisfeldt ML: Mortality in patients with implanted
automatic deﬁbrillators. Ann Intern Med 1983; 98: 585–
588
12) Moss AJ, Zareba W, Hall WJ, Klein H, Wilber DJ,
Cannom DS, Daubert JP, Higgins SL, Brown MW,
Andrew ML: Prophylactic implantation of a deﬁbrillator
in patients with myocardial infarction and reduced
ejection fraction. N Engl J Med 2002 Mar 21; 346(12):
877–883
Nakano E Ventricular tachycardia late after right ventricular myocardial infarction
163
